After surgical trauma the human organism reacts with various cellular and humoral mechanisms, which are summarized as the acute-phase response (1, 2) . One major role of this reaction is to minimize organ damage and to trigger repair mechanisms. These events are controlled by a complex cascade of inflammatory mediators that can be measured in the circulation and can serve as clinical markers. Endotoxemia represents an early marker for surgical trauma. Several studies have clearly demonstrated that the level of endotoxin increases not only after major abdominal surgery but also during small invasive procedures like colonoscopy (3) (4) (5) . After the increase of circulating endotoxin, IL-6 and CRP increase with a time delay of several hours. Both IL-6 and CRP are clinically acknowledged markers of the acute-phase response. In adults, the amount of surgical trauma is reflected by the magnitude of elevation observed in endotoxin, IL-6, and CRP plasma levels (6) . In previous investigations we have shown that the level of circulating endotoxin increases during surgical procedures owing to translocation from the GI tract (3) (4) (5) (6) .
In contrast to infants and adults, newborns have almost no bacterial colonization of the intestinal tract. Several weeks are required for a regular gut flora to be established, and, in the meantime, the newborn bowel is protected by maternal immunoglobulins (7) (8) (9) . The prospective study reported here aimed to compare the level of endotoxin in plasma and the acutephase response between newborns and infants undergoing major abdominal surgery. The question of whether endotoxin, IL-6, and CRP may be used as inflammatory markers in newborns undergoing surgery was also addressed.
METHODS
From January 1992 to December 2000, two groups of pediatric patients were enrolled in this prospective study. The first group comprised 88 newborns (43 boys and 45 girls) who underwent abdominal surgery because of congenital malformation involving the GI tract. Twenty-nine (33%) of the babies were premature and 59 (67%) were mature. None of these children had been exposed to steroids. According to our standard procedure in the pediatric surgery division a single-shot antibiotic treatment was given to all patients. Table 1 shows the demographic and clinical data of this patient group. The second study group consisted of 20 infants (8 boys, 12 girls) with a mean age of 4 mo who underwent elective surgery for resolution of an existing temporary stoma. Table 2 shows the demographic and clinical data of this group.
Study protocol. In both groups, blood was drawn from central venous catheters under sterile conditions. The heparinized blood (10 IU/mL) was then centrifuged at 2000 ϫ g for 15 min to obtain platelet-free plasma. Plasma was aliquoted and stored at Ϫ70°C for up to 3 mo until assayed. All time points of blood sampling were defined in relation to the surgical procedure to obtain comparable values for both patient groups as follows: 1, preoperatively; 2, after exposure of the situs; 3, before wound closure; 4, 2 h postoperatively; 5, 6 h postoper- Plasma endotoxin measurement. The levels of endotoxin in plasma were measured by the LAL test (5, 6) . The LAL test is a two-step end point colorimetric assay that is performed in microtiter plates (Greiner Co., Nürtingen, Germany). The following solutions were prepared: (A) endotoxin lysate (Pyroquant Co., Walldorf, Germany) solubilized in pyrogen-free water according to the manufacturer's recommendations; (B) pefachrome (Dietzenbach, Germany), a chromogenic substrate APGAR score 1 min 8 (3-9) 8 (3-9) 8 (3-9) 5 (1-9) 7 (2-9) 8 (3-9) 5 min 9 (7-10) 9 (7-10) 9 (6 -10) 6 (2-10) 9 (5-10) 10 (3-10) 10 min 9 (1-10) 9 (7-10) 9 (7-10) 7 (2-10) 9 (7-10) 10 ( 334 at a concentration of 10 mol in 6.6 mL of pyrogen-free water; (C) 0.2 M NaCl, 0.05 M Tris/HCl (pH 9.0); and (D) 20% acetic acid. In brief, plasma samples were diluted 1:10 with pyrogenfree water and heat inactivated for 10 min at 75°C. Fifty microliters of the pretreated samples was added to 50 L of solution A and incubated for 30 min at 37°C. Thereafter, 100 L of solution B diluted with solution C (1:2) was added and incubated for a further 3 min at 37°C. The reaction was then stopped by adding 200 L of solution D. Changes in the extinction coefficient were measured spectrophotometrically at a wavelength of 405 nm (SLT Co., Salzburg, Austria). The relative units of endotoxin per milliliter (EU/mL) present in the unknown samples were determined by performing a comparison with the standard curve generated by the dilution of EC5-standard (Pyroquant Co., Walldorf, Germany). The lower and upper detection limits were 0.015 EU/mL and 1.5 EU/mL, respectively. The intra-and interassay variation coefficients of 30 determinations were Ͻ8%, as routinely determined for low and high endotoxin levels.
Assessment of plasma mediators. CRP was measured using a Behring nephelometer II (Behring Co., Marburg, Germany), as described previously (5, 6) . In brief, polystyrene particles coated with antibodies against CRP were mixed with plasma samples. Agglutination of the mixture was measured by determining the changes in intensity of the scattered light in the nephelometer. The CRP concentration in the unknown samples was then calculated by performing a comparison with the standard curves generated by dilution of a known concentration. Plasma levels of IL-6 were measured by ELISA (Bierman et Co, Bad Nauheim, Germany) according to the manufacturer's recommendation and as described previously (5, 6) .
Statistical analysis. The Mann-Whitney U test was used to determine the statistical significance of the measurements. The Wilcoxon signed-rank test was applied to determine the differences between the AUC of both groups. A p Ͻ 0.05 was considered statistically significant. All statistical analyses were performed using the statistical software program SPSS for Windows 6.1 (SPSS Inc., Chicago, IL, U.S.A.).
RESULTS

Plasma endotoxin.
In the infant group, endotoxin levels in plasma increased 1.5-fold (p Ͻ 0.05) after exposure of the situs and up to 3.5-fold at the end of the surgical intervention (Fig.  1A) . Endotoxin levels remained significantly elevated until the first postoperative sampling and declined to normal values thereafter. In contrast, in the newborn group, no significant increase of endotoxin levels in plasma was observed during and after surgery. The difference between the AUC values of both groups was statistically significant (p Ͻ 0.005). Furthermore we found no difference among the endotoxin levels of term and preterm newborns. But there was a significant agerelated increase of endotoxin levels in plasma at the time of surgery (p Ͻ 0.048).
Inflammatory mediators. Inflammatory mediators significantly increased in a time-dependent manner in the infant group, whereas no significant change was observed in the newborns, except in those with gastroschisis (Fig. 1, B and C) . IL-6 increased markedly at the end of the operation and remained elevated until postoperative d 1 in the newborns with gastroschisis and in infants; however, the increase was significantly lower (AUC, p Ͻ 0.05) in newborns with gastroschisis compared with the infants.
The postoperative course of CRP levels in plasma differed between the two patient groups. Newborns with gastroschisis demonstrated increasing CRP levels, reaching a maximum at postoperative d 3. In the remaining newborns, only small increases were observed in the CRP levels, with the maximum increase (13 mg/L) being reached at postoperative d 3 and 4. In contrast, the infants, who were older and had a smaller amount of surgical trauma (replacement of artificial stoma), demonstrated increases in CRP levels that were up to 10 times higher (maximal value, 97 mg/L), peaking at 24 h after surgery. In all cases, the CRP levels decreased to normal on postoperative d 5. Similar to the finding for IL-6, the AUC value calculated for CRP was significantly higher in the infant group compared with the newborn group (p Ͻ 0.005). 
ACUTE-PHASE RESPONSES IN NEWBORNS AND INFANTS UNDERGOING SURGERY
No significant leukocyte count elevations were observed in newborns at postoperative d 1, whereas a significant increase in the total number of leukocytes appeared in the infant group (Fig. 2) . In addition, the relative amount (percentage of total leukocytes) of mature/immature neutrophils changed from 28%/8% preoperatively to 24%/34% at postoperative d 1 in the infant group (p Ͻ 0.05), whereas no significant difference was observed among the newborns (42%/10% preoperatively versus 44%/14% at postoperative d 1).
Clinical outcome. The clinical data of all patients in the newborn group are detailed in Table 1 . Operations had to be repeated in 10 newborns for indications including ileus, gastroesophageal reflux, anastomotic stenosis, abscess, and insufficient drainage of saliva. Seven newborns had a fatal outcome. Reasons for death included cardiac arrest, pulmonary insufficiency, pulmonary bleeding, liver failure, and severe malformation (Edwards syndrome). Table 2 shows the demographic and clinical data of all patients in the infant group. In this group, no patient died and only one patient was reoperated on because of ileus. 
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DISCUSSION
To the best of our knowledge, this is the first study comparing the endotoxin levels and inflammatory mediators between newborns and infants during and after abdominal surgery. The results indicate that endotoxin, IL-6, and CRP levels in plasma did not increase in the newborn subjects in general, whereas newborns with gastroschisis and small infants demonstrated significant increases. It is well known that newborns have virtually no bacterial colonization of the intestinal tract and several weeks are required for a regular gut flora to be established (7) (8) (9) . Furthermore their immune systems are not mature. Thus, postoperative infections are difficult to detect in these patients because the classic inflammatory variables are not fully characterized (10 -14) . This is one reason why many infections in newborns are not diagnosed and treated early enough or sufficiently.
Elevations of the leukocyte count and inflammatory mediators such as CRP and IL-6 are generally accepted as clinical markers of infection complicating the postoperative course. This is mainly based on clinical experience with adults, who respond to surgical trauma first with a significant increase of circulating endotoxin followed by a cascade of inflammatory mediators such as IL-6 and CRP. Our results differ from those of other authors, who found increased cytokine levels and acute-phase reaction in neonates after abdominal surgery (15) (16) (17) . Although the inflammatory response in newborns is still not fully characterized, our data clearly demonstrate that newborns respond to surgical trauma only with a mild increase of leukocytes and no increase of endotoxin, IL-6, and CRP levels in plasma. Although neutrophils in newborns are deficient in bactericidal/permeability-increasing protein (18) , the lack of inflammatory cytokines in these patients is most likely because of the absence of endotoxin. Studies in animals have shown that newborn mice differ from adult mice in chemokine and cytokine expression to ozone, but not to endotoxin (19) . With respect to the diagnostic value of measuring inflammatory markers, our data indicate that the levels of endotoxin and acute-phase proteins IL-6 and CRP in plasma do not adequately reflect the acute-phase response in newborns. In contrast, infants older than 4 mo react like adults and demonstrate a strong increase in inflammation variables after surgery. It should be noted that the surgical procedures performed on these subjects were less invasive than those performed on patients in the neonatal group. This suggests that the amount of available endotoxin, which was higher in the infant group, may be more important in triggering the acute-phase reaction than the surgical trauma itself.
The major source of circulating endotoxin during abdominal surgery is the GI tract, which is influenced by the surgical trauma; this trauma leads to the translocation of endotoxin into the circulatory system and subsequent induction of several synthesized acute-phase proteins (20) . In newborn animals, early development of shock after stomach rupture could be attributed to endotoxin translocation and endotoxemia (21) . In our study, significantly elevated endotoxin levels in plasma were detected in infants and, although less pronounced, in newborns with gastroschisis.
The latter group exhibited mild endotoxemia. This could probably be explained by bacterial contamination of the exterior GI tract. The increase of endotoxin levels in the plasma of newborns with gastroschisis can also be explained by the fact that the peritoneal cavity is open at delivery, thereby allowing the peritoneum to absorb endotoxins from outside. Another explanation could be the fact that after surgery the bowels are compromised in a closed abdomen, which could lead to a decrease of intestinal blood circulation. A decrease of intestinal blood circulation and a decrease of bowel movements with stasis of the intestinal fluids could increase bacterial colonization and, after a disturbance of the gut barrier, lead to endotoxin translocation.
The severe reflux that occurs on the first postoperative days may contribute further to rapid bacterial colonization of the stomach and upper GI tract. Infants older than 4 mo already have physiologic bacterial colonization of the GI tract; therefore, they can develop both endotoxemia and an acute-phase response. Conversely, because newborns lack bacterial colonization of the GI tract, no endotoxin translocation should occur, as reflected by our findings. In a recent study investigating 68 preterm infants whose gestational age ranged between 27 and 33 wk, serum endotoxin was detected in 28 cases by means of a conventional chromogenic Limulus test (22) . We found no difference among the endotoxin levels of term and preterm newborns. Because most newborns in our study underwent abdominal surgery immediately after cesarian section (Table  1) , interference with immunoglobulins by breast-feeding can be excluded as a reason for the absence of endotoxemia. Our results also differ from those of Scheifele et al. (23) who detected endotoxemia in 33% of blood culture-negative neonates with suspected sepsis. One explanation for this discrepancy could be that a significant proportion of blood cultures in the study of Scheifele et al. (23) were falsely negative because blood cultures are very often negative in newborns owing to the minimal volumes of blood routinely cultivated at this age. It has not been shown that early onset bacteremia as examined by these authors results from intestinal colonization. It may be rather related to exogenous sources of Gram-negative aerobic bacteria such as the mother's genital tract or contaminated i.v. devices.
In conclusion, during abdominal surgery newborns exhibit neither endotoxemia nor subsequent mediator release, which is in sharp contrast to the response of infants older than 4 mo. Our findings support the view that bacterial colonization of the GI tract is necessary to trigger the acute-phase response.
